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Abstract

When developing a justification for investment in the construction of facilities in accordance with regulatory documents, alternative studies and
calculations should be carried out in order to determine the effectiveness of investments.

This article offers a method for assessing the economic efficiency of options for the sequence of construction of a complex of buildings and structures.
The method is based on the income approach (the net income generated by the complex of facilities is calculated) and on the cash flows discounting.
At the same time, the economic effects for the investor are taken into account: effects from the reduction of discounted costs at the stage of construction
of the complex, and effects in the field of operation of individual buildings and structures for the period of the calculation horizon.
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METO/MKA OLIEHKN 3KOHOMWUYECKOW S®®EKTUBHOCTN BAPUAHTOB
OYEPEOQHOCTU 3ACTPOUKM KOMIMJIEKCA 30AHUA U COOPYXEHUA

A. H. Kouypko, 1. T. CpbiBkMHa

Pedepar

Mpu pa3paboTke 060CHOBAHMS MHBECTULMIA B CTPOUTENLCTBO OOBEKTOB B COOTBETCTBIM C HOPMATUBHbIMI TPEBOBAHUAMIN AOMKHbI BbINONHATHLCA
anbTepHaTMBHbIE NPOPAbOTKM M pacyeThbl No onpeaeneHnto 3P EKTUBHOCTA MHBECTULINA.

B naHHoN cTatbe npeanaraeTcs MeToavKa OLEHK 3KOHOMUYECKOM ApHEKTUBHOCTY BApUAHTOB O4EPEAHOCTI 3aCTPOMKW KOMMIEKCa 30aHA 1 COOPYXEHM,
OCHOBaHHas Ha [OXO[HOM NOAX0Ae (PacCuMTLIBAETCS YNCTBIN [JOXOA, MPUHOCUMBI KOMMEKCOM O06BEKTOB) N AMCKOHTMPOBAHUM AEHEXHbIX MOTOKOB.
Mpu 3TOM y4UTEIBAKOTCH SKOHOMMYECKME 3DEKTbI OT COKPALLEHUS! AUCKOHTMPOBAHHbIX 3aTpaT Ha CTaguy BO3BEAEHWS KOMMMEKCa, 3KOHOMUYECKUI
acbchekT B chepe akcnnyaTaLmn OTAEMbHbIX 3AaHUA U COOPYXeHNIA, BBEAEHHBIX 3a NepUOf, ropU3oHTa pacyéTa, Ans MHBECTOpa.

KntoyeBble cnoBa: npeanpoekTHast CTaausl, NPOEKT OpraHU3aLmu CTPOUTENbCTBA, KOMMMEKC 3A4aHWiA U COOPYXEHWI, o4epedb CTPOUTENLCTBA,
nocnefoBaTeNbHOCTL 3aCTPOMKY, rpachnk (OMHAHCMPOBAHWS, UCKOHTUPOBAHHbIE 3aTpaThl.

Introduction

The pre-design stage in accordance with the Decree [1] is part of the
life cycle of most construction projects. It serves to substantiate the deci-
sion to implement an investment project in terms of its necessity, tech-
nical feasibility, economic benefits, and environmental impact. At the
same time, TCP 45-1.02-298-2014 indicates the need at this stage to
carry out alternative studies and corresponding calculations of the in-
vestment efficiency for the full life cycle of the project (pre-investment,
investment, operational and liquidation stages), to determine, if neces-
sary, the sequence of construction, to make proposals on the organiza-
tion and duration of construction [2].

Variant studies should cover all decisions: space-planning, construc-
tive, organizational and technological decisions, and also take into ac-
count the social and environmental consequences of the construction and
operation of the facility. It should be noted that it is rather problematic to
take into account the full life cycle of the project in the calculations of the
investment efficiency due to the lack of information on the operational
stage [3].

When implementing an investment project, which includes a complex
of buildings and structures, an important role in determining the efficiency
of investments is played by the choice of the optimal sequence for the
construction of its individual parts. The investor (customer, developer),
when determining the order of construction, takes into account the
sources and conditions for financing the construction of individual phases
and start-up complexes, basic technological solutions for production facili-
ties, decisions of the general layout and the possibility of organizing con-
struction sites for the residential complexes (quarters, housing estates).

Changing the sequence of development entails changes in the
schedule of capital investment distribution. The economic effect is
achieved from the implementation of a more rational financing schedule
and, as a result, a reduction in discounted costs.

The aim of this study is to develop an algorithm for the choice of an
optimal option of the sequence of development of a complex consisting of
several buildings and structures, which will maximize the net present
value (NPV) for the investor.

The state of research in the area under consideration

In the 80s, a significant amount of research was carried out, a regula-
tory framework [4, 5, 6] and software were developed to determine the
optimal sequence of development and calculate the cost efficiency of
Construction Organization Project (COP).

The basis for determining the comparative effectiveness of design
solutions for organizing the construction of production facilities was the
Instruction [7], in accordance with which the best option is considered to
give the minimum value of the reduced costs. At the same time, the effect
of reducing the duration of construction was taken into account.

When comparing the options for the order of development of housing
estates with urban planning complexes, the volume of work in progress
for engineering equipment of the territory was taken as the basis for com-
parison [5, p. 16]. For each urban planning complex, the communications
necessary for putting the buildings of this complex into operation were
determined, considering that this site was commissioned first. The
lengths of the networks and the roads were used to calculate the cost of
engineering equipment for it. The first construction phase was the site for
which the unit costs for engineering equipment per 1 m? of residential
area were the lowest. Then, this site was excluded from consideration
(it was assumed that engineering networks were laid to it) and the calcu-
lations were repeated for the remaining sites.

Today the economic system and project management methods have
changed, which makes it impossible to apply previously developed algo-
rithms. At the same time, there is a revival of interest in solving the prob-
lem of determining the optimal sequence of construction of buildings and
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structures within the complex. There are two main approaches to solve

this problem:

1. Choosing the best option for the sequence of construction in terms of
organizational criteria, for example, reducing breaks between works, min-
imizing the number of workers, reducing the total duration of construction
(Bolotin S.A., Velichkin V.Z., Chelnokova V.M., Morozova T F., etc.).

2. Choosing the best of the pre-developed options of sequence in terms
of cost efficiency criteria.

Examples of the implementation of the first approach:

+  formation of a schedule of the flow development of the temitory using
the method of undefined resource coefficients [8]. The method makes it
possible to solve the problem of incompleteness of the initial data on
the duration of work at the early stages of planning the development of
the territory by urban planning complexes. Resource coefficients are
values that are inversely proportional to the number of resources re-
quired to perform some work. To solve the problem, classical linear
programming algorithms are used. Maximizing the objective function al-
lows you to reduce organizational breaks between works;

+ application of the branch and bound method in solving the problem of
organizing residential quarter development [9]. As an objective function,
the minimum duration of construction of all buildings of the quarter, a
minimum of downtime for teams of workers, or a minimum of the dura-
tion of the work of teams on a quarter development can be used. Limi-
tations - the deadlines for the construction of individual buildings and
the entire complex, the total downtime of teams, the methods of flow
organization of work on individual buildings and the complex as a
whole (flow organization by the critical path method, by the rank meth-
od, by the continuous labor and technical resources employment meth-
od, by the continuous development of work fronts method);

+ joint use of BIM-modeling programs (such as Revit) and project
management programs (Project Expert, Microsoft Project) to deter-
mine the optimal sequence of construction of buildings included in
the urban planning complex [10];

+  breakdown of projects for Integrated Development of the Territory
into urban planning complexes (several residential buildings provided
with social infrastructure, landscaping and greening) and scheduling
of flow construction [11, 12, 13]. At the initial stage, variants of matri-
ces of the flow organization of work for individual facilities are calcu-
lated using the basic methods [14]. The corresponding object flows
are formed. Then the matrices of complex flows of the following main
types are calculated: Complex Compacted Flow, Complex Aggregat-
ed Flow, Complex Combined Flow. The variants are analyzed and
the most appropriate for the construction conditions is determined;

+ application of a heuristic algorithm for enumerating resource profiles for
peak loads based on statistical modeling methods [15]. As a result, the
resource peak (the maximum number of workers) and the correspond-
ing area of temporary buildings are reduced. The economic effect is
calculated as a reduction in the cost of temporary buildings.

Thus, when using the first approach, options are determined that are
optimal from the point of view of organizational criteria, that is, from the
point of view of a contractor or developer carrying out construction on
their own. In practice, the interests of the investor and the contractor may
differ significantly, and the investor will not choose finance options that
are not optimal for him. Therefore, at the stage of development of pre-
design documentation and COP, it is advisable to make decisions that
are effective primarily for the investor, and at the stage of organizational
and technological design, when the contractor develops a Work Produc-
tion Project - effective for the contractor, within the framework of COP
decisions and the terms of the construction contract. Accordingly, it be-
comes necessary to develop different techniques for different stages of
organizational and technological design.

When implementing the second approach, dynamic criteria of cost ef-
ficiency (on a discounted basis) are applied, classical calculations of the
net present value, the profitability index are performed to select the best
schedule option from the presented ones. At the same time, the de-
scribed algorithms [16] use a somewhat simplified approach that does not
take into account the differences between commercial and non-
commercial facilities. Hence, it becomes necessary to concretize the
methods for calculating the indicators of cost efficiency.

Assessment of the cost efficiency of options for the sequence of con-
struction of a complex of buildings and structures in the development of
pre-design and design documentation

Variants of technological and organizational solutions during their
implementation do not affect the area of operation of the commissioned
ed facilities. Therefore, the costs of their implementation are determined
only in one area - the sphere of construction production. As for design
solutions, the comparison of organizational and technological options
should be carried out subject to certain conditions that ensure their com-
parability. These conditions include: compliance with work technology,
high-quality performance of work, comparable working conditions.

The design of alternative construction schedules should be carried
out under the following conditions:

+ the option with the maximum duration does not exceed the pre-
scribed or standard term for the construction of the complex;

« if it is possible to fufill the above organizational and technological
conditions, the sequence of construction of buildings in the flow is
taken from longer in terms of construction duration to shorter ones.
This allows you to reduce organizational breaks between the stages
of building construction (underground, aboveground part, finishing
and special works, installation of equipment);

+ it is assumed that investment costs are incurred at the beginning of
each considered time period, and investment results are obtained at
the end of the period;

+ when determining the duration of the construction of facilities in the
schedules, one should proceed from at least two-shift work when us-
ing the main construction machines, without using - on average,
1.5 shifts, taking into account the regulatory requirements [17];

+ the calculation horizon for economic comparison is taken as the du-
ration of the construction of a complex of buildings, structures ac-
cording to the option with a longer duration (except for cases of the
same duration for options).

The main goal of the investor (customer, developer) will be the re-
ceipt of the maximum income, expressed in the growth of the net present
value (NPV), which is the total difference between discounted income
cash flows and discounted outcome cash flows (investments) for the
entire considered period of the project (calculation horizon).

Thus, the economic effect for the investor (Ej,y) from the choice of the
option of organizational decisions is calculated as the difference between the

NPV values of the best (NPV,™" ) and other options ( NI [SAVAY]
The economic effect of using a more profitable organizational solu-
tion includes:

+ economic effect at the construction stage due to the reduction in
discounted capital costs ( EC ), rubles;

nv
+ economic effect at the stage of operation, due to income from the
use of the object for the period from the commissioning of a particular

building to the end of the calculation horizon ( E, ), rubles:

En = NPV — NPV = EL, +Ef, (1)

In accordance with the legislation [18], a construction object may
consist of one or more buildings, structures and their parts, engineering
and transport communications and other real estate objects.

As part of a construction object, design documentation can identify
construction phases and start-up complexes.

The construction phase is a part of a main-purpose facility, which can
be independently operated and ensure, among other things, the safety of
its functioning, product release, production of work, provision of services.

If the object is a complex of buildings, structures, then, taking into
account their purpose and the degree of autonomy of functioning after
commissioning, the following options are possible:

+ during the construction of a complex of buildings, structures, includ-
ing residential, public, retail, administrative and other buildings for
cultural and domestic purposes, each building with the infrastructure
necessary for its functioning is a separate completed construction
phase, which can generate income for the period from its commis-
sioning into operation until the end of the calculation horizon;

+ during the construction of a complex of industrial buildings and struc-
tures, representing a single property complex of the enterprise, the
following options are possible:

1) the construction is carried out without the allocation of phases or
start-up complexes, then when comparing the options according to
the described method:
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v/ for an option with a shorter construction duration, income is taken
into account from the moment the complex is put into operation
according to this option until the end of the calculation horizon;

v/ for an option with a maximum duration equal to the calculation horizon,
income is not taken into account;

2) the construction is carried out in several construction phases (start-
up complexes) with the commissioning of each of them separately,
after which the receipt of income from the commissioned phase
begins until the end of the calculation horizon.

The economic effect of reducing discounted costs at the stage of
construction of the complex:
n'+1 n'+1

Eiivl — vailnv| _ Z PViInv” _
i=1 i=1

n'+

=2

o (1+ vaalc )i_l - ; (1+ R‘calc )i_l

s

Inv o Inv

inv inv

where | and Il — indices of the corresponding options;

i —number of the calculation period;

Inv; — amount of capital investments (cash outflow, investment costs),
mastered in the i-th calculation period of construction (month), rubles;

N — number of calculation periods during the calculation horizon;

Ricnfl'c — real discount rate for the calculating period for the investor.

If the compared options for the construction of a complex of buildings
and structures have the same duration, then the economic effect can be
achieved from a more rational financing schedule and, as a conse-
quence, a reduction in discounted costs.

If the duration of the construction of a complex of buildings and structures
for both options is the same (nI = n") and construction for both options is
carried out without allocation of construction phases, then E° = 0.

If the duration of the constructionlof a clcl)mplex of buildings and struc-
tures for both options is the same (N° = n"), the number of construction

phases is the same (mI = m”) and the duration of the construction of
phases is the same (nlj = n”j) for allj =1,2... mthen Ei(n)v =0.
The real discount rate for the calculating period for the investor is de-
termined by the formula [19]:
R -t
Rﬁc:[lc — inv__ “calc (3)
360

wheret = - duration of the calculation period, days;

calc

R,,, —annual real discount rate:
_r—in
1+in

inv
where in — inflation rate;
I — nominal weighted average discount rate:
F=rg o +ry-(1-o) (5)

where r¢, I'q, — nominal interest rates of the investor's equity capital and
debt capital;
O, — share of equity in the total volume of capital investments.

The nominal interest rate I is calculated as follows:
+ when financing the construction of commercial facilities, it is taken in
accordance with the value of the return on invested equity capital:
B NP’
f, = =
where NP" — net profit for the reporting period, rubles;
E' - equity in the reporting period, rubles;

(6)

+ when financing the construction of non-commercial residential build-
ings by individuals, it is taken equal to the nominal interest rate on a
long-term deposit iy or long-term government and bank bonds r,;

+ when financing the construction of non-commercial facilities by the
state, it is taken to be equal to the standard coefficient of investment
efficiency, determined by the ratio of net profit to invested capital on
average per year.

The e value must not be lower than the refinancing rate of the

National Bank of the Republic of Belarus.

If the planned share of equity capital in the total capital investment

O, is unknown, then the nominal weighted average discount rate for the

investor r when financing commercial objects is equal to the return on

invested total capital:

NP’
r=——
IC'
where IC" - total amount of investor's capital in the reporting period, rubles.

(7)

When the construction phase is put into operation during the calcula-
tion horizon, the investor will receive additional income for this period.
The economic effect of the investor in the area of operation from the
functioning of the facility for the period of early commissioning is deter-
mined by the following formula:

n'+1 n' 41
Eiﬁv = z PVh';“ - z PVh’;“ =
| i=nj+1 i=ni! +1 (8)

n'+1 1 n'+1 1
NI, NI,;

i:n‘h+1(1+ Reat )i i=nl +1(1+ Rcae )i

nv inv

where h —index of the construction phase;

i — numbers of calculation periods in which net income is received,
in the range from the moment of commissioning the h-th construction
phase of the object according to the option to the moment of the end of
the calculation horizon;

Ny, — the moment of commissioning the h-th construction phase,
calc. periods;

NI is the investor's net income from the operation of the h-th

construction phase in the i-th calculation period, rubles / calc. period.
When determining net income, the following options can be distin-

guished, depending on the purpose of real estate objects:

1) commercial objects:

+ income can be received only after the commissioning of the entire
complex of buildings and structures (the object as a whole);

+ income can be received after the commissioning of a separate con-
struction phase (part of the object that can be independently operated
and generate income);

2) non-commercial objects:

+ net income of a commercial investor (except for the state) after the
commissioning of each construction phase (for example, a residential
building with infrastructure);

+ net income of the investor (state) after the commissioning of each con-
struction phase (administrative building, school, efc. with infrastructure).
The net income for the option will be determined on an accrual basis

as the construction phases are accepted into operation within the calcula-

tion horizon.
The investor's net income for commercial objects is determined as

follows according to [19]:

NI, = NP, +DE, (9)

where NPy, is the net profit from the operation of the h-th phase as part of
the construction object for the i-th calculation period, rubles / calc. period;
DE;, — corresponding depreciation expenses, rubles / calc. period.

NP, =R -EC,, (10)
where R;‘""’ is the real profitability of objects in terms of net profit for the

calculating period;
EC,,; — the estimated cost of the j-th building, structure as part of
the h-th construction phase, rubles.
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You can take the real profitability of the object in terms of net profit at
the level of the real discount rate for the investor (formula (3)).

Depreciation expenses for the h-th construction phase in the i-th cal-
culation period:

NP ECP N ECea
DE,, = Z th +Z e;h ) Ceate ()
i Tpn = Tqo 360
where, ECJ.Z, ECJ.';q is the estimated cost of construction and installa-

tion work of the j-th building (structure, infrastructure element) in accord-
ance with the consolidated estimate, or the j-th unit of equipment, respec-
tively, rubles; ,

b .
T i T j‘:]q is the standard service life of the J-th building (structure,

infrastructure element) or the j-th type of equipment as part of the h-th
construction phase, respectively, years;

b
N ih N fﬂ — the number of buildings, structures, types of
equipment, respectively, in the h-th construction phase.

Investor's net income (except for the state) from the operation of a
non-commercial residential building:

NI, =17 + D" (12)

n

where |ﬁ — is the alternative income from the operation of the j-th
building for the i-th calculation period, rubles / calc. period;

Dj(i:R — deductions for capital repairs for the j-th building in the
i-th calculation period, rubles / calc. period.

We consider deductions Dj?R as expenses that will lead to an increase

in the value of the complex of buildings in the future, which is tantamount
to earning income.

An investor's alternative income for non-commerecial residential build-
ings is defined as savings in rental costs for similar residential buildings:

tcac
I;?:RRJ.-S}-B(') (13)

Where RR is the rental rate for the j-th building, rubles / mmonth;
Sj' — the total area of living quarters in the j-th building, m2.

For residential buildings that are built without the participation of state
budget funds (at the expense of future apartment owners), the rental rate
is taken at the level of the market weighted average in the region accord-
ing to the Internet.

For residential buildings under construction at the expense of the
budget funds, the rental rate is determined as the base rate of payment
for the use of public rental housing:

RR* =0,2-BV -C,, (14)

where BV is the base value, rubles;

Cim — s a coefficient determined by the regional executive committees
and the Minsk city executive committee, taking into account the degree of
improvements and the district where the residential premises are located.

Deductions for major repairs for the j-th residential building in the i-th
calculation period:

t
CR CR
D" =d; 'S}'% (15)

The investor's (state's) net income from the operation of a non-
commercial facility is calculated using the following formula according to [19]:

NI, =E} + D} (16)

where E; is the normative effect from the use of the j-th object (con-

struction phase) in the i-th billing period (a non-commercial object brings
a social or environmental effect that can be expressed in monetary
terms), rubles / calc. period: ,

Ej =Ri° -EC, (17)

nv

where R is the real discount rate for the accounting period for the
investor, in accordance with formulas (3) and (4);
EC, - the estimated cost of construction of the j-th object, rubles.

Conclusion

The method has been developed for assessing the cost efficiency of
options for the sequence of construction of a complex of buildings and
structures, based on an income approach (the net income brought by a
complex of facilities is calculated) and discounted cash flows.

This takes into account the economic effects of reducing discounted
costs at the stage of construction of the complex, and the economic
effects in the field of operation of individual buildings and structures,
commissioned over the period of the calculation horizon, for the investor.
This technique is currently relevant and complies with the rules for the
development of business plans for investment projects [20].
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